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7KH UHJHQHUDWLRQRIGDPDJHGQHUYHVGHSHQGVRQ WKHSUHVHQFHRI OLYLQJ6FKZDQQFHOOV LQϳϲ
WKHQHUYHGLVWDO WR LQMXU\7KHVH FHOOV DUHGHULYHG IURPP\HOLQ DQG5HPDNFHOOV EXW KDYHϳϳ
DGRSWHG D SKHQRW\SH WKDW LV VSHFLDOL]HG IRU VXSSRUWLQJ QHUYH UHSDLU $UWKXU )DUUDM HW DOϳϴ
 -HVVHQ HW DO  -HVVHQ DQG 0LUVN\  5HSDLU 6FKZDQQ FHOOV IRUPϳϵ
UHJHQHUDWLRQWUDFNVEDQGVRI%XQJQHUWKDWJXLGHD[RQVWRWKHLUWDUJHWVEUHDNGRZQP\HOLQϴϬ
ERWKGLUHFWO\E\P\HOLQDXWRSKDJ\DQGLQGLUHFWO\E\DFWLYDWLRQRIWKHLQQDWHLPPXQHUHVSRQVHϴϭ
DQG UHFUXLWPHQWRIPDFURSKDJHV DQG WKH\H[SUHVV WURSKLF IDFWRUV WKDW VXSSRUW VXUYLYDO RIϴϮ
LQMXUHGQHXURQVDQGD[RQJURZWK&KHQHWDO$UWKXU)DUUDMHWDO)RQWDQDHWϴϯ
DO*OHQQDQG7DOERW%URVLXV/XW]DQG%DUUHV*RPH]6DQFKH]HWDOϴϰ




/XQGERUJ +|NH 2QH RI WKHPDLQ UHDVRQV LV WKDW GXULQJ WKH VORZJURZWKRIϴϵ
 ϰ
D[RQV WKURXJK WKHPRUH SUR[LPDO SDUWV RI LQMXUHG QHUYHV WKHPRUH GLVWDO QHUYH ZKLFK LVϵϬ






VXUYLYLQJ FHOOV <RX HW DO  +|NH HW DO 0LFKDOVNL HW DO  (JJHUV HW DOϵϳ
 7KLV IDGLQJ RI WKH UHSDLU 6FKZDQQ FHOO SKHQRW\SH DQG WKH DFFRPSDQ\LQJ ORVV RIϵϴ
UHJHQHUDWLYH VXSSRUW SURYLGHG E\ WKH GLVWDO QHUYH VWXPS KDYH EHHQ FDUHIXOO\ DQDO\VHG LQϵϵ







WKH67$7 LV LQYROYHG LQVXSSRUWLQJWKHVXUYLYDORIFKURQLFDOO\GHQHUYDWHGUHSDLUFHOOVDQGϭϬϳ
DOVRLQPDLQWDLQLQJWKHLUFKDUDFWHULVWLFJHQHH[SUHVVLRQDQGPRUSKRORJ\ϭϬϴ
67$7LVW\SLFDOO\DFWLYDWHGE\SKRVSKRU\ODWLRQRIFRQVHUYHGW\URVLQHUHVLGXHLQWKH&ϭϬϵ
WHUPLQDO GRPDLQ UHVXOWLQJ LQ GLPHUL]DWLRQ DQG WUDQVORFDWLRQ IURP WKH F\WRSODVP WR WKHϭϭϬ
QXFOHXV $DURQVRQ DQG +RUYDWK  6LJQDOOLQJ LV JHQHUDOO\ PHGLDWHG YLD WKH JSϭϭϭ
UHFHSWRUFRPSOH[DQG-DQXVNLQDVHV-$.V67$7FDQDOVREHSKRVSKRU\ODWHGRQVHULQHϭϭϮ
 ZKLFK LQ PRVW RIWHQ VHUYHV WR DXJPHQW VLJQDOOLQJ LQLWLDWHG E\ W\URVLQH ϭϭϯ
SKRVSKRU\ODWLRQ'HFNHUDQG.RYDULNϭϭϰ


















LQ )LJV ' & DQG $(  3&UHPLFH ZHUH SURYLGHG E\ / )HOWUL DQG /:UDEHW] 7KHϭϯϮ
UHVXOWLQJ 3&UH67$7IZW PLFH ZHUH FURVVHG EDFN WR 67$7II PLFH WR REWDLQ 3ϭϯϯ
&UH67$7II PLFH UHIHUUHG WR DV 67$7 F.2 PLFH LQ ZKLFK 67$7 LV GHOHWHG IURPϭϯϰ
6FKZDQQFHOOV3&UH67$7IIOLWWHUPDWHVUHIHUUHGWRDV:7ZHUHFRQWUROVϭϯϱ
*HQRW\SLQJϭϯϲ





367$76HU DQG 367$77\U DQWLERGLHV ERWK IURP &HOO 6LJQDOLQJ 7HFKQRORJ\ϭϰϭ
ZHUH XVHG DW  IRU LPPXQRKLVWRFKHPLVWU\ DQG  IRU :HVWHUQ EORWWLQJ 2WKHUϭϰϮ
DQWLERGLHVIRU:HVWHUQEORWWLQJZHUH&\FOLQ'6DQWD&UX]%LRWHFKQRORJ\1&DGKϭϰϯ
 %' 7UDQVGXFWLRQ /DERUDWRULHV S175  0LOOLSRUH *$3 ϭϰϰ
0LOOLSRUHF-XQ&HOO6LJQDOLQJ7HFKQRORJ\DQG*$3'+6LJPD$OGULFKϭϰϱ
+53FRQMXJDWHG VHFRQGDU\ DQWLERGLHV  LQ EORFNLQJ VROXWLRQ ZHUH IURP &HOOϭϰϲ
6LJQDOLQJ 7HFKQRORJ\ )RU LPPXQRKLVWRFKHPLVWU\ LQFXEDWLRQ ZLWK 0%3 DQWLERGLHVϭϰϳ
&29$1&(RUUDWDQWLPRXVH,J/DQWLERGLHVZHUHIROORZHGE\DQWLϭϰϴ
PRXVH ,J$OH[D)OXRU 0ROHFXODU3UREHVRUDQWLUDW ,J$OH[D)OXRU ϭϰϵ
0ROHFXODU 3UREHV UHVSHFWLYHO\ ,QFXEDWLRQ ZLWK DQWLERGLHV WR .L  $EFDP DQGϭϱϬ
62;  5	' 6\VWHPV ZHUH IROORZHG E\ ELRWLQ\ODWHG DQWLUDEELW ,J* ϭϱϭ
$PHUVKDP %LRVFLHQFHV DQG DQWLJRDW ,J $OH[D )OXRU   0ROHFXODU 3UREHVϭϱϮ
DQWLERGLHV UHVSHFWLYHO\ 7KH .L VHFWLRQV ZHUH WKHQ LQFXEDWHG ZLWK $OH[D )OXRU ϭϱϯ
6WUHSWDYLGLQ  0ROHFXODU 3UREHV &$63$6( DQWLERG\  &HOO 6LJQDOLQJϭϱϰ
7HFKQRORJ\ZDVIROORZHGE\DQWLUDEELW,J&\6DQWLERG\ZDVIURP'DNRϭϱϱ
1HUYH,QMXU\ϭϱϲ
7KH ULJKW VFLDWLF QHUYHZDV H[SRVHG DQG WUDQVHFWHG DW WKH VFLDWLF QRWFK :RRGKRR HW DOϭϱϳ
 RU FUXVKHG [ VHF DW WKUHH URWDWLRQ DQJOHV XVLQJ ILQH IRUFHSV &RQWUDODWHUDOϭϱϴ
XQLQMXUHGVFLDWLFQHUYHVZHUHXVHGDVFRQWUROVϭϱϵ
&HOODQGVHJPHQWFXOWXUHV%UG8DVVD\LQIHFWLRQDQGWUDQVIHFWLRQϭϲϬ
6FKZDQQ FHOO FXOWXUHV DQG %UG8 DVVD\ ZHUH DV LQ0RUJDQ HW DO VHH DOVR 6XUYLYDOϭϲϭ
DVVD\V0RXVH6FKZDQQFHOOV DQG6FKZDQQFHOO SUHFXUVRUVZHUHSUHSDLUHGDV LQ$UWKXUϭϲϮ
)DUUDM HW DO  DQG -HVVHQ HW DO  UHVSHFWLYHO\ 7KH SUHFXUVRUVZHUH FXOWXUHG LQϭϲϯ
VHUXPIUHHVXSSOHPHQWHGPHGLXP0HLHUHWDOUHIHUUHGWRDV'0GHILQHGPHGLXPϭϲϰ
FRQWDLQLQJQJPOȕ15*7LELDOQHUYHVHJPHQWVZHUHPDLQWDLQHGLQ'0(0ZLWK)%6ϭϲϱ




67$7 SODVPLG %URPEHUJ HW DO  67$7&$ ZDV SURYLGHG E\ 'U $ 6WHSKDQRXϭϲϵ
,QVWLWXWHRI&KLOG+HDOWK8&//RQGRQ7KHFRQWUROXVHGZDVWKHS5F&09HPSW\YHFWRUϭϳϬ
,QYLWURJHQ /LIH 7HFKQRORJLHV 3DLVOH\ 8. %RWK ZHUH FRWUDQVIHFWHG ZLWK D S%DEH*)3ϭϳϭ
SODVPLGWRDOORZYLVXDOL]DWLRQRIWUDQVIHFWHGFHOOV7KH67$7SHSWLGHLQKLELWRU&DOELRFKHPϭϳϮ
XVHG LQ WKH SUROLIHUDWLRQ DVVD\ LV D FHOO SHUPHDEOH 67$76+ GRPDLQELQGLQJϭϳϯ















&HOOVZHUHSODWHGDW ORZGHQVLW\ FHOOVFRYHUVOLSRUKLJKGHQVLW\ FHOOVFRYHUVOLSϭϴϵ
$IWHU  KU DW & DQG  &2 RQH VHW RI FRYHUVOLSV IURP HDFK DQLPDO ZDV IL[HGϭϵϬ
LPPHGLDWHO\IRULPPXQRODEHOOLQJWRREWDLQDUHIHUHQFHSRLQWIRUWKHTXDQWLILFDWLRQRIVXUYLYDOϭϵϭ
DW ODWHU WLPH SRLQWV  7KH UHPDLQLQJ VHWV ZHUH WRSSHG XS ZLWK O RI  GHILQHG VLPSOHϭϵϮ
 ϴ
PHGLXPV'00HLHUHWDODORQHRUV'0FRQWDLQLQJQJPO,*),,3HSURWHFK/WGϭϵϯ
/RQGRQ 8.  QJPO 3'*)%% 3HSURWHFK /WG DQG  QJPO 17 5HJHQHURQϭϵϰ
3KDUPDFHXWLFDOV RU FRQGLWLRQHGPHGLXP DQG FXOWXUHG IRU  RU  KU 7KHQ FHOOV ZHUHϭϵϱ
IL[HG XVLQJ  3)$ SDUDIRUPDOGHK\GH IRU  PLQ ODEHOHG ZLWK 6 DQWLERGLHV DQGϭϵϲ
+RHFKVWG\HDQGWKHQXPEHURIVXUYLYLQJ6FKZDQQFHOOVFRXQWHG6XUYLYDOSHUFHQWDJHLVWKHϭϵϳ
QXPEHURI OLYLQJFHOOVSUHVHQWDWDQGKUDVDSHUFHQWDJHRI WKHQXPEHURIFHOOV WKDWϭϵϴ
KDG DWWDFKHG WR WKH VXEVWUDWH LQ VLVWHU FXOWXUHV DW  KU V'0 FRQVLVWV RI  '0(0 DQGϭϵϵ
+DP¶V ) VXSSOHPHQWHG ZLWK ERYLQH VHUXP DOEXPLQ  ȝJPO 6FKZDQQ FHOOϮϬϬ
FRQGLWLRQHGPHGLXPZDVSUHSDUHGDVSUHYLRXVO\GHVFULEHG0HLHUHWDOϮϬϭ
781(/VWDLQLQJϮϬϮ
7R GHWHFW DSRSWRWLF FHOOV '1$ IUDJPHQWDWLRQ ZDV ODEHOOHG XVLQJ WKH WHUPLQDOϮϬϯ
GHR[\QXFOHRWLGH WUDQVIHUDVHPHGLDWHG G873ELRWLQ QLFN HQG ODEHOLQJ 781(/ PHWKRG ϮϬϰ
XVLQJ 781(/ HQ]\PH 5RFKH DQG 781(/ /DE 0L[ 5RFKH DFFRUGLQJ WR WKHϮϬϱ




)RU EORWWLQJ KRPRJHQDWHV ZHUH REWDLQHG IURP LQMXUHG DQG XQLQMXUHG QHUYHV DV ZHOO DVϮϭϬ
FXOWXUHG QHUYH VHJPHQWV HVVHQWLDOO\ DV SUHYLRXVO\ *RPH]6DQFKH] HW DO Ϯϭϭ
([SHULPHQWV ZHUH UHSHDWHG DW OHDVW WKUHH WLPHV ZLWK IUHVK VDPSOHV DQG UHSUHVHQWDWLYHϮϭϮ
SLFWXUHV DUH VKRZQ 'HQVLWRPHWULF TXDQWLILFDWLRQ ZDV E\ ,PDJH /DE  %LR5DGϮϭϯ
/DERUDWRULHV 0HDVXUHPHQWVZHUHQRUPDOL]HG WR ORDGLQJ FRQWURO*$3'+)RU3&5 WRWDOϮϭϰ







([SHULPHQWV FRQIRUPHG WR 8. +RPH 2IILFH JXLGHOLQHV 6L[ PLFH JHQRW\SH ZHUH WHVWHGϮϮϭ





WHVW RQHZD\ $129$ WZRZD\ $129$ RU0DQQ:KLWQH\ 8WHVW $ 3 YDOXH   ZDVϮϮϳ





%HIRUH VWXG\LQJ WKH UROHRI67$7 LQ6FKZDQQFHOOVZHDQDO\VHG67$7H[SUHVVLRQDQGϮϯϯ
DFWLYDWLRQ GXULQJ QHUYH GHYHORSPHQW XVLQJ:HVWHUQ EORWWLQJ )LJ $ 67$7SURWHLQZDVϮϯϰ
SUHVHQWDWDOO VWDJHVRI WKH6FKZDQQFHOO OLQHDJH IURP WKH6FKZDQQFHOOSUHFXUVRU  6&3Ϯϯϱ
VWDJHDWHPEU\RGD\(RQZDUGV$WWKHSUHFXUVRUVWDJHVHULQHDQGW\URVLQHϮϯϲ
67$7 SKRVSKRU\ODWLRQ 367$76HU DQG 367$77\U ZHUH ORZ DQGϮϯϳ






67$7 DFWLYDWLRQ ODUJHO\ FRLQFLGHV ZLWK WKH 6FKZDQQ FHOO SUHFXUVRU WR 6FKZDQQ FHOOϮϰϯ
WUDQVLWLRQDQGEDVDO67$7DFWLYDWLRQSHUVLVWVLQDGXOWQHUYHVϮϰϰ
,Q :7 PLFH 67$7 GRHV QRW KDYH D PDMRU UROH LQ 6FKZDQQ FHOO GHYHORSPHQW DQGϮϰϱ
P\HOLQDWLRQϮϰϲ
7RH[SORUHWKHSRWHQWLDO LPSRUWDQFHRI67$7LQWKH6FKZDQQFHOO OLQHDJHZHJHQHUDWHGDϮϰϳ
FRQGLWLRQDONQRFNRXWPRXVH LQZKLFK67$7JHQH LVVSHFLILFDOO\DEODWHGRQO\ LQ6FKZDQQϮϰϴ
FHOOV7RGR WKLV67$7IIPLFHKDYLQJ OR[3VLWHV IODQNLQJH[RQVRI WKH67$7JHQHϮϰϵ
$ORQ]L HW DO  ZHUH FURVVHG ZLWKPLFH H[SUHVVLQJ &UH XQGHU WKH FRQWURO RI WKH 3ϮϱϬ
SURPRWHU)HOWULHWDOWRJHQHUDWH3&UH67$7II67$7F.2PLFH)LJ$Ϯϱϭ
7KH 67$7F.2 PLFH ZHUH ERUQ DQG VXUYLYHG QRUPDOO\ DQG WKHLU QHUYHV ZHUHϮϱϮ
LQGLVWLQJXLVKDEOH IURPFRQWUROII OLWWHUPDWHV :7$WSRVWQDWDOGD\ WKUHH 3 WKHDUHDRIDϮϱϯ
WUDQVYHUVHVHFWLRQWKURXJKWKHVFLDWLFQHUYHWKHQXPEHURI6FKZDQQFHOOQXFOHLQHUYHDQGϮϱϰ
WKHQXPEHURIP\HOLQDWHGD[RQVQHUYHZHUHVLPLODULQ67$7F.2DQG:7PLFH)LJ%,QϮϱϱ
DGXOW QHUYHV WKLFN P\HOLQ VKHDWKV ZHUH VHHQ DURXQG WKH ODUJHVW FDOLEUH D[RQV DQG QRϮϱϲ
VLJQLILFDQWGLIIHUHQFHZDVREVHUYHGLQWKHJUDWLREHWZHHQ67$7F.2DQG:7QHUYHV)LJϮϱϳ
&Ϯϱϴ
7KH IDFW WKDW 6FKZDQQ FHOO QXPEHUV LQ WKH PXWDQWV ZHUH QRUPDO DW 3 VXJJHVWHG WKDWϮϱϵ
67$7 VLJQDOOLQJ DIIHFWHG QHLWKHU QRUPDO GHYHORSPHQWDO GHDWK QRU SUROLIHUDWLRQ 7KLV ZDVϮϲϬ
FRQILUPHGE\ GRXEOH ODEHOOLQJ VHFWLRQVRI3 VFLDWLF QHUYHVZLWK WKH SUROLIHUDWLRQPDUNHUϮϲϭ
.LDQG62;DQWLERGLHVWRLGHQWLI\6FKZDQQFHOOV1RVLJQLILFDQWGLIIHUHQFHZDVIRXQGLQϮϲϮ
WKH QXPEHU RI 6FKZDQQ FHOOV ODEHOOHG ZLWK .L DQWLERGLHV EHWZHHQ:7 DQG 67$7F.2Ϯϲϯ
QHUYHV )LJ' ,QDQRWKHU WHVWRISUROLIHUDWLRQSXULILHGFXOWXUHVRIPRXVH6FKZDQQFHOOVϮϲϰ
ZHUH WUHDWHG ZLWK ȕ15* D ZHOOHVWDEOLVKHG PLWRJHQ IRU 6FKZDQQ FHOOV LQ YLWUR LQ WKHϮϲϱ
SUHVHQFH RI D67$7 SHSWLGH LQKLELWRU %UG8 LQFRUSRUDWLRQ UHYHDOHG WKDW 67$7 LQKLELWLRQϮϲϲ





6FKZDQQ FHOOV LV ODUJHO\ GLVSHQVDEOH DQG KDV OLWWOH GHYHORSPHQWDO VLJQLILFDQFH ,Q OHQVϮϳϭ
GHYHORSPHQW IXQFWLRQDO UHGXQGDQF\ EHWZHHQ 67$7 DQG 67$7 KDV EHHQ VXJJHVWHGϮϳϮ







QHUYHVZHH[DPLQHG67$7DFWLYDWLRQ LQ FXW VFLDWLF QHUYHV DQGFRPSDUHG6FKZDQQFHOOϮϴϬ
VXUYLYDOLQFXWQHUYHVRI:7DQG67$7F.2PLFH:HVWHUQEORWVRIFXWQHUYHVRIDGXOW:7Ϯϴϭ
PLFHVKRZHGDVKDUSDERXWHLJKWWR IROG ULVH LQ367$77\U WKHSKRVSKRU\ODWLRQϮϴϮ
HSLWRSHWKDWFRQWUROV67$7GLPHUL]DWLRQDQGDFWLYDWLRQ$DURQVRQDQG+RUYDWK7KLVϮϴϯ
ZDVVHHQ LQQHUYHVHJPHQWVPPDQGPPGLVWDO WR WKHFXWDWVHYHUDO WLPHSRLQWVϮϴϰ
WKUHH VHYHQ DQG  GD\V DIWHU LQMXU\ )LJ $ 7KLV 67$7 DFWLYDWLRQ ZDV QRW GXH WRϮϴϱ
LQYDGLQJ PDFURSKDJHV EHFDXVH LW ZDV DOVR VHHQ LQ GLVWDO VHJPHQWV IURP FXW QHUYHVϮϴϲ
PDLQWDLQHGLQYLWURIRUWKUHHGD\VXQGHUFRQGLWLRQVZKHUHPDFURSKDJHVDUHXQDEOHWRLQYDGHϮϴϳ
)LJ % 367$76HU JHQHUDOO\ WKRXJKW WRPRGLI\ VLJQDOOLQJPHGLDWHG E\367$7Ϯϴϴ
7\U 'HFNHU DQG .RYDULN  ZDV DOVR HOHYDWHG DIWHU LQMXU\ )LJ $ DQGϮϴϵ
LPPXQRODEHOOLQJIRUERWK367$77\UDQG367$76HUZDVVHHQLQ6FKZDQQFHOOϮϵϬ
QXFOHL LQ WHDVHG LQMXUHG QHUYHV )LJ & ,Q FXOWXUHG QHUYH VHJPHQWV KRZHYHU:HVWHUQϮϵϭ
EORWV IDLOHG WR VKRZ 367$76HU XSUHJXODWLRQ )LJ % 7KLV VXJJHVWV WKDW WKHϮϵϮ
DFWLYDWLRQRIWKLVHSLWRSHLQ6FKZDQQFHOOVDIWHULQMXU\UHTXLUHVDGGLWLRQDOVLJQDOVZKLFKDUHϮϵϯ
 ϭϮ
SUHVHQW LQ YLYR EXW QRW LQ FXOWXUH $OWHUQDWLYHO\ LW LV SRVVLEOH WKDWPDFURSKDJHV FRQWULEXWHϮϵϰ
VLJQLILFDQWO\ WKH VLJQDOPHDVXUHG LQ LQ YLYR QHUYH KRPRJHQDWHV *LURODPL HW DO  ,QϮϵϱ
PLFHQHUYHFXW UHVXOWV LQDSRSWRWLF6FKZDQQFHOO GHDWK LQ WKHGLVWDOQHUYH VWXPS7R WHVWϮϵϲ
ZKHWKHU 67$7 VXSSRUWHG WKH VXUYLYDO RI 6FKZDQQ FHOOV DIWHU LQMXU\ ZH TXDQWLILHG G\LQJϮϵϳ
FHOOVLQVHFWLRQVIURPVFLDWLFQHUYHVGD\VDIWHUFXWXVLQJWKH781(/DVVD\7KLVUHYHDOHGDϮϵϴ







ZDV RSWLPDO IRU DVVHVVLQJ FHOO GHDWK GDWD QRW VKRZQ $W WKLV SRLQW 6FKZDQQ FHOO QXFOHLϯϬϲ
VWDUWHG WR VKRZ WKH KDOOPDUNV RI DSRSWRVLV FRQGHQVHG EULJKW QXFOHL IUDJPHQWLQJ LQWRϯϬϳ
DSRSWRWLFERGLHVEXWWKHFHOOVZHUHVWLOODWWDFKHGWRWKHFRYHUVOLSDOORZLQJTXDQWLILFDWLRQE\ϯϬϴ
+RHFKVWVWDLQLQJ8VLQJUDW6FKZDQQFHOOVZH IRXQG WKDW LQKLELWLRQRI67$7VLJQDOOLQJE\ϯϬϵ
WKH -$. LQKLELWRU $* LQFUHDVHG 89DSRSWRVLV )LJ $ &RQYHUVHO\ HQIRUFHGϯϭϬ
H[SUHVVLRQ RI D FRQVWLWXWLYHO\ DFWLYH IRUP RI 67$7 67$7&$ SURWHFWHG6FKZDQQ FHOOVϯϭϭ
IURP89LQGXFHGGHDWK)LJ%)XUWKHULQPRXVH6FKZDQQFHOOV89OLJKWZDVPRUHWKDQϯϭϮ
WZLFH DV HIIHFWLYH LQ LQGXFLQJ 6FKZDQQ FHOO GHDWK LQ FHOOV LQ ZKLFK 67$7 KDG EHHQϯϭϯ
JHQHWLFDOO\LQDFWLYDWHGFRPSDUHGWR:7FHOOV)LJ&ϯϭϰ








6FKZDQQ FHOOV WKDW DUH GHSULYHG RI D[RQDO FRQWDFW IRU ORQJ SHULRGV RIWHQ PRQWKV ZKLOHϯϮϮ
D[RQV UHJHQHUDWH WRZDUGV WKHPDORQJ WKHPRUHSUR[LPDO SDUWVRI WKHQHUYHV7KH ORVVRIϯϮϯ
WKHVHFKURQLFDOO\GHQHUYDWHG6FKZDQQFHOOVLVDPDMRUEDUULHUWRQHUYHUHSDLULQKXPDQVDQGϯϮϰ
KDVEHHQH[WHQVLYHO\VWXGLHGLQURGHQWV+|NH6XODLPDQDQG*RUGRQϯϮϱ
+DYLQJ IRXQG WKDW 67$7 SURWHFWV DJDLQVW DFXWH GHDWK ZH WHVWHG ZKHWKHU 67$7 DOVRϯϮϲ




FRPSDUHG WR WKRVHVHHQ LQRQHZHHNFXWQHUYHV LQZKLFK367$77\UH[SUHVVLRQ LQϯϯϭ
WXUQ LVDERXWHLJKWWR IROG WKDW LQXQLQMXUHGQHUYHV VHHHDUOLHUVHFWLRQ67$76HUϯϯϮ
DOVR UHPDLQHG DFWLYDWHG LQ HLJKW ZHHN FXW QHUYHV )LJ $ 7KLV VKRZV WKDW WKH 67$7ϯϯϯ
SDWKZD\UHPDLQVDFWLYDWHG LQFKURQLFDOO\GHQHUYDWHG6FKZDQQFHOOVDSUHFRQGLWLRQ IRU WKHϯϯϰ
LQYROYHPHQWRI67$7 LQPDLQWDLQLQJWKLVFHOOSRSXODWLRQ6HFRQG WR WHVWZKHWKHU WKLVZDVϯϯϱ
WKHFDVHHOHFWURQPLFURVFRS\ZDVXVHGWRFRXQWWKHQXPEHURI6FKZDQQFHOOQXFOHL LQWKHϯϯϲ




LQ HLJKWZHHNFXW QHUYHV IURP67$7F.2PLFH )LJ '$W WKHHDUOLHU WLPHSRLQW RI IRXUϯϰϭ
















7KHH[SHULPHQWVDERYH LQGLFDWHG WKDW67$7VLJQDOOLQJVXSSRUWV WKH VKRUWDQG ORQJWHUPϯϱϳ
VXUYLYDORI6FKZDQQFHOOVDIWHULQMXU\DQLVVXHRISDUWLFXODULPSRUWDQFHIRUUHJHQHUDWLRQ:Hϯϱϴ
WKHUHIRUHH[DPLQHGWKHXQGHUO\LQJPHFKDQLVP3UHYLRXVO\ZHVXJJHVWHGWKDWWKHVXUYLYDORIϯϱϵ
6FKZDQQFHOOV LQ LQMXUHGQHUYHVGHSHQGHGRQDXWRFULQHVLJQDOOLQJ LQYROYLQJ ,*)17DQGϯϲϬ
3'*)%%0HLHUHWDO:HDOVRVKRZHGWKDWGXULQJGHYHORSPHQWDXWRFULQHFLUFXLWVϯϲϭ
DSSHDU DW WKH LPPDWXUH 6FKZDQQ FHOO VWDJH ( DQG DUH QRW SUHVHQW LQ 6FKZDQQ FHOOϯϲϮ
SUHFXUVRUV D GHYHORSPHQWDO WLPLQJ WKDW WKH SUHVHQW ZRUN VKRZV FRLQFLGHV ZLWK 67$7ϯϲϯ
DFWLYDWLRQ7RWHVWZKHWKHU67$7VLJQDOOLQJSOD\VDUROHLQ6FKZDQQFHOODXWRFULQHVXUYLYDOϯϲϰ
FLUFXLWVZHFDUULHGRXWH[SHULPHQWVVLPLODUWRWKRVHZHXVHGSUHYLRXVO\WRLGHQWLI\DXWRFULQHϯϲϱ
6FKZDQQ FHOO PHFKDQLVPV 0HLHU HW DO  )LUVW WR LQYHVWLJDWH WKH JHQHUDO DELOLW\ RIϯϲϲ
67$7F.2FHOOVWRVXUYLYHLQFXOWXUHZLWKRXWDXWRFULQHVXSSRUWLHDWORZGHQVLW\6FKZDQQϯϲϳ
FHOOVIURP367$7F.2DQG:7PLFHZHUHSODWHGDWORZGHQVLW\LQVLPSOHGHILQHGPHGLXPϯϲϴ






0HLHU HW DO.,  7R WHVW ZKHWKHU WKHVH DXWRFULQH VXUYLYDO FLUFXLWV IXQFWLRQHG ZLWKRXWϯϳϰ
67$7FHOOV IURP367$7F.2DQG:7PLFHZHUHSODWHGDWKLJKGHQVLW\7KHVXUYLYDORIϯϳϱ
:7FHOOVDWDQGKULQFUHDVHGWRDERXWDVH[SHFWHG)LJ%DQG&7KHVXUYLYDOϯϳϲ
RI67$7F.2FHOOVKRZHYHU UHPDLQHGVLPLODU WR WKDWVHHQ LQVSDUVHFXOWXUHVVXJJHVWLQJϯϳϳ
DEVHQFHRIDXWRFULQHVXUYLYDOVXSSRUW)LJ%DQG&ϯϳϴ
,QDIXUWKHUWHVWRIWKLVVSDUVHFXOWXUHVZHUHH[SRVHGWRFRQGLWLRQHGGHILQHGPHGLXPF'0ϯϳϵ
SUHYLRXVO\ FRQGLWLRQHG E\ GHQVH 6FKZDQQ FHOO FXOWXUHV $V H[SHFWHG IURP DQ DXWRFULQHϯϴϬ
PHFKDQLVPDQGVKRZQLQSUHYLRXVZRUNWKLVLQFUHDVHGWKHVXUYLYDORIVSDUVHO\SODWHG:7ϯϴϭ
FHOOV WR OHYHOV VLPLODU WR WKRVH VHHQ LQ GHQVHO\ SODWHG FXOWXUHV ,Q FRQWUDVW WKH VXUYLYDO RIϯϴϮ
VSDUVHO\SODWHG67$7F.2FHOOVZDVQRWLQFUHDVHGLQUHVSRQVHWRFRQGLWLRQHGPHGLXPRUWRϯϴϯ
,*),, WKHPDMRUFRQVWLWXHQWRI WKHFRQGLWLRQHGPHGLXP0HLHUHWDO. )LJ'7KLVϯϴϰ






7R GHWHUPLQH ZKHWKHU DXWRFULQH 6FKZDQQ FHOO VLJQDOV DFWLYDWH HQGRJHQRXV 67$7ϯϵϭ
VLJQDOOLQJZHXVHGDQDGHQRYLUDO67$7OXFLIHUDVH*)3UHSRUWHUFRQVWUXFWFRQWDLQLQJIRXUϯϵϮ
WDQGHPFRSLHVRI67$7ELQGLQJVLWHV%HVVHUHWDO6WDSOHVHWDO)LJ)ϯϵϯ
7KH FRQVWUXFW ZDV LQIHFWHG LQWR QHRQDWDO UDW 6FKZDQQ FHOO FXOWXUHV SULRU WR H[SRVXUH WRϯϵϰ
UHOHYDQWFRPSRQHQWV%HFDXVHORZGHQVLW\FXOWXUHVJHQHUDWHGLQVXIILFLHQW OXFLIHUDVHVLJQDOϯϵϱ
KLJKHU FHOO GHQVLWLHV ZHUH XVHG LQ WKHVH H[SHULPHQWV DOWKRXJK WKLV JHQHUDWHG KLJKϯϵϲ
EDFNJURXQGUHDGLQJVHYHQLQFRQWUROFXOWXUHVZLWKRXWDGGHGIDFWRUVSUHVXPDEO\GXHWRWKHϯϵϳ
SUHVHQFH RI DXWRFULQH IDFWRUV 1HYHUWKHOHVV HOHYDWHG OXFLIHUDVH VLJQDO LQGLFDWLQJ 67$7ϯϵϴ
DFWLYDWLRQZDVREWDLQHGLQUHVSRQVHWR6FKZDQQFHOOFRQGLWLRQHGPHGLXPDFRPELQDWLRQRIϯϵϵ




7KHVH UHVXOWV VKRZ WKDW67$7 LV UHTXLUHG IRU DXWRFULQH6FKZDQQ FHOO VXUYLYDO VLJQDOOLQJϰϬϯ
DQGVXJJHVW WKDWGHIHFWLYHDXWRFULQHVXUYLYDO VXSSRUW FRQWULEXWHV WR WKHVXEVWDQWLDO ORVVRIϰϬϰ
67$7F.26FKZDQQFHOOVZKHQWKHVHFHOOVDUHVXEMHFWHGWRFKURQLFGHQHUYDWLRQϰϬϱ







LQYROYHG LQ PDLQWDLQLQJ WKH UHJHQHUDWLRQ VXSSRUWLYH IXQFWLRQV RI LQMXUHG QHUYHV E\ WHVWLQJϰϭϯ
ZKHWKHU67$7ZDVUHTXLUHGIRUWKHPDLQWHQDQFHRIWKHUHSDLU6FKZDQQFHOOSKHQRW\SHLQϰϭϰ
DGGLWLRQ WR VXSSRUWLQJ WKH ORQJWHUP VXUYLYDO RI WKHVH FHOOV 7R WKLV HQGZH FRPSDUHG WKHϰϭϱ
UHSDLU6FKZDQQFHOOSKHQRW\SHLQHLJKWZHHNFXWGLVWDOVWXPSVRI:7DQG67$7F.2QHUYHVϰϭϲ
XVLQJ PRUSKRPHWULF DQDO\VLV RI UHJHQHUDWLRQ WUDFNV %XQJQHUV EDQGV T573&5 DQGϰϭϳ
:HVWHUQEORWWLQJϰϭϴ
0RUSKRORJLFDOO\ WKH UHJHQHUDWLRQ WUDFNV LQ 67$7F.2 QHUYHV ZHUH REYLRXVO\ DEQRUPDOϰϭϵ
&RPSDUHGWRHLJKWZHHNFXW:7QHUYHVWKHUHZHUHIHZHUFHOOXODUSURILOHVLQHDFKWUDFNWKHϰϮϬ
SURILOHVZHUH IODWWHU DQG WKH DYHUDJH DUHD RI HDFK SURILOHZDV LQFUHDVHG 7KH QXPEHU RIϰϮϭ
UHGXQGDQWEDVDOODPLQDSURILOHVZDVDOVRKLJKHUDIHDWXUHOLNHO\WRUHIOHFWWKHLQFUHDVHGFHOOϰϮϮ
GHDWKLQWKHVHQHUYHVVHHSUHYLRXVVHFWLRQ)LJ$(ϰϮϯ
$QDO\VLV RI HLJKW ZHHN FXW 67$7F.2 QHUYHV E\ T573&5 DOVR VKRZHG VXEVWDQWLDOϰϮϰ
UHGXFWLRQ LQH[SUHVVLRQRINH\PDUNHUVRI UHSDLU6FKZDQQFHOOVVXFKDVF-XQ2OLJDQGϰϮϱ








:KLOH UHSDLU 6FKZDQQ FHOOV ZHUH FOHDUO\ DEQRUPDO LQ HLJKW ZHHN FXW 67$7F.2 VFLDWLFϰϯϯ
QHUYHV VKRUWWHUP GHQHUYDWHG FHOOV LQ WKHVHPLFHZHUH UHODWLYHO\ QRUPDO )LJ  7KXV LQϰϯϰ
IRXU ZHHN FXW QHUYHV WKHPRUSKRORJLFDO FKDQJHV WKDW ZHUH REYLRXV DW HLJKW ZHHNV ZHUHϰϯϱ
GHWHFWDEOHEXWPLOG)LJ$,QRQHZHHNFXWQHUYHVF-XQP51$DQGSURWHLQZHUHIRXQGϰϯϲ
DW QRUPDO OHYHOV LQ 67$7F.2PLFH ([SUHVVLRQ RI 1&DGKHULQ DQG S175 SURWHLQZDVϰϯϳ
DOVR VLPLODU LQ :7 DQG 67$7F.2 PLFH )LJ $& ,Q WKHVH QHUYHV WKH VXEVWDQWLDOϰϯϴ











UHVXOW LQ FKURQLF GHQHUYDWLRQ RI 6FKZDQQ FHOOV WKDW FDQ ODVW IRU PRQWKV HYHQ \HDUV ,QϰϱϬ
H[SHULPHQWDODQLPDOV ORQJWHUPGHQHUYDWLRQRI WKHGLVWDOVWXPSFDQEHPLPLFNHGE\QHUYHϰϱϭ
FXW FRPELQHG ZLWK GHIOHFWLRQ RI WKH SUR[LPDO VWXPS WR SUHYHQW UHLQQHUYDWLRQ &OLQLFDOϰϱϮ
 ϭϴ
REVHUYDWLRQV DQG DQLPDO H[SHULPHQWV DJUHH WKDW D[RQIUHH GLVWDO QHUYH VWXPSV JUDGXDOO\ϰϱϯ




UHSRUW WKDW67$7 LVDFWLYDWHGE\7\USKRVSKRU\ODWLRQ LQ6FKZDQQFHOOVGLVWDO WRQHUYHϰϱϴ
LQMXU\LQDJUHHPHQWZLWKSUHYLRXVZRUNE\RWKHUVLLVKRZWKDWWKLVDFWLYDWLRQLVVXVWDLQHGLQϰϱϵ





XQGHUVWDQGLQJ RI KRZ WKHVH LPSRUWDQW FHOOV DUH PDLQWDLQHG DQG ZLOO KHOS LGHQWLI\ LQϰϲϱ
PROHFXODUWHUPVWKHIDLOXUHVWKDWOHDGWRWKHLUGHWHULRUDWLRQϰϲϲ
7KHSUHVHQWGDWDLQGLFDWHWKDW67$7UHJXODWHV6FKZDQQFHOOVXUYLYDODIXQFWLRQOLNHO\WREHϰϲϳ
SDUWLFXODUO\ VLJQLILFDQW IRU WKH ORQJWHUP VXUYLYDO RI 6FKZDQQ FHOOV LQ GHQHUYDWHG GLVWDOϰϲϴ
VWXPSV7KLVLVLQOLQHZLWKWKHUROHRI67$7LQRWKHUV\VWHPVHJ%DGHUHWDO :Hϰϲϵ
ILQG WKDW DEVHQFH RI 67$7 UHVXOWV LQ LQFUHDVHG 6FKZDQQ FHOO GHDWK LQ IRXU GLIIHUHQWϰϳϬ
VLWXDWLRQV)LUVWWKLVLVVHHQLQWKH67$7F.26FKZDQQFHOOVRIFKURQLFDOO\GHQHUYDWHGGLVWDOϰϳϭ
QHUYHV 6HFRQG LQFUHDVHG GHDWK LV DOVR VHHQ 67$7F.2 QHUYHV WKUHH GD\V DIWHU LQMXU\ϰϳϮ
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UHP\HOLQDWLRQ RI WKH SHULSKHUDO QHUYHV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IURP:7FRQWUROPLFHDWGLIIHUHQWGHYHORSPHQWDO VWDJHV67$7 LVSUHVHQW WKURXJKRXW WKHϳϴϮ
6FKZDQQ FHOO OLQHDJH 367$76HU LV IRXQG DW YHU\ ORZ OHYHOV LQ 6FKZDQQ FHOOϳϴϯ
SUHFXUVRUV ( EXW LWV H[SUHVVLRQ LQFUHDVHV DW WKH LPPDWXUH6FKZDQQ FHOO VWDJH DQG LVϳϴϰ
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%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WRS QHUYHϴϬϱ
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QJPO IRU  KU WR VWLPXODWH SUROLIHUDWLRQ ZLWK %UG8ϴϮϬ
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'781(/ODEHOOLQJRIVHFWLRQVIURPWKHGLVWDOVWXPSRIVFLDWLFQHUYHVHFWLRQVGD\VDIWHUϴϰϮ
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+RHFKVW VWDLQLQJVKRZVQXFOHLRI6FKZDQQFHOOV  IURP3:7DQG67$7F.2QHUYHVϴϵϱ
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& :HVWHUQ EORWV VKRZLQJ QR GLIIHUHQFHV LQ WKH H[SUHVVLRQ RI 1&DGKHULQ DQG S175ϵϲϳ
SURWHLQV LQ:7DQG67$7F.2QHUYHVRQHZHHNDIWHUFXW*UDSKVVKRZWKHGHQVLWRPHWULFϵϲϴ
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'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6FLDWLF IXQFWLRQ LQGH[6), ,QVHUUDHWDOZKLFKDVVHVVHVQHUYHPHGLDWHGIXQFWLRQRIϵϳϮ
WKH KLQG OLPE E\ PHDVXULQJ WRH VSUHDG DQG SULQW OHQJWK RI KLQG SDZ IRRWSULQWV VKRZHGϵϳϯ
VLPLODUYDOXHVIRU:7DQG67$7F.2PLFHEHIRUHDQGVLJQLILFDQWO\DIWHUQHUYHLQMXU\7KHϵϳϰ
ULJKW KDQG SDQHO VKRZV UHSUHVHQWDWLYH H[DPSOHV RI IRRWSULQWV IURP XQLQMXUHGPLFH DQG DWϵϳϱ
GLIIHUHQW WLPHVDIWHU LQMXU\DV LQGLFDWHG1RWH WKH LQFUHDVHGSULQW OHQJWKDQGGHFUHDVHG WRHϵϳϲ
 ϯϵ
VSUHDG DIWHU SHULSKHUDO QHUYH OHVLRQ LQ ERWK PRXVH OLQHV XL XQLQMXUHG Q  'DWD DUHϵϳϳ
SUHVHQWHGDVPHDQ6(0ϵϳϴ
(7RH VSUHDG UHIOH[PHDVXUHPHQWV VKRZQR VLJQLILFDQW GLIIHUHQFHV LQ UHFRYHU\ RIPRWRUϵϳϵ
IXQFWLRQEHWZHHQ:7DQG67$7F.2PLFHQ 'DWDDUHSUHVHQWHGDVPHDQ6(0ϵϴϬ
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